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Colorectal cancer (CRC) is the fourth most common non-cutaneous malignancy in the United States and the second most frequent
cause of cancer-related death. One of the most important determinants of CRC survival is lymph node metastasis. To determine
whether molecular markers might be prognostic for lymph node metastases, we measured by quantitative real-time RT–PCR the
expression levels of 15 cancer-associated genes in formalin-fixed paraffin-embedded primary tissues derived from stage I–IV CRC
patients with (n¼20) and without (n¼18) nodal metastases. Using the mean of the 15 genes as an internal reference control, we
observed that low expression of b2microglobulin (B2M) was a strong prognostic indicator of lymph node metastases (area under the
curve (AUC)¼0.85; 95% confidence interval (CI)¼0.69–0.94). We also observed that the expression ratio of B2M/Spint2 had the
highest prognostic accuracy (AUC¼0.87; 95% CI¼0.71–0.96) of all potential two-gene combinations. Expression values of Spint2
correlated with the mean of the entire gene set at an R
2 value of 0.97, providing evidence that Spint2 serves not as an independent
prognostic gene, but rather as a reliable reference control gene. These studies are the first to demonstrate a prognostic role of B2M
at the mRNA level and suggest that low B2M expression levels might be useful for identifying patients with lymph node metastasis
and/or poor survival.
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Colorectal cancer (CRC) is the fourth most common noncutaneous
malignancy in the United States and the second most frequent
cause of cancer-related death. In 2007, an estimated 153760 cases
of CRC will be diagnosed, and 52180 people will die from the
disease (Jemal et al, 2006). The most important determinant of
colon cancer survival is stage. The tumour–node–metastasis
system, as defined by the American Joint Committee on Cancer, is
the most commonly used cancer staging system and classifies
colon cancer into four stages based on the depth of invasion of the
bowel wall (T), extent of regional lymph node involvement (N),
and presence of distant sites of metastatic disease (M) (Greene
et al, 2002). Stage I includes T1 and T2 tumours without nodal or
distant metastases and most patients with this disease will be cured
with segmental colectomy alone. The overall 5-year survival (OS)
of this stage is 93.2%. Stage II is subdivided into two classes (IIA
and IIB; OS¼84.7 and 72.2%, respectively) and includes T3 and T4
tumours, respectively. Like stage I, nodal or distant metastasis is
absent in stage II disease. Although many patients with stage II
disease will be cured by surgical resection alone, many patients
with completely resected stage II disease will ultimately die from
colon cancer (Jemal et al, 2006). Stage III disease includes tumours
that do contain nodal disease but do not contain distant
metastases. After complete surgical resection, these patients face
a 50–60% chance of developing recurrent disease. A survival
benefit from adjuvant 5-fluorouracil-based chemotherapy has been
firmly established in these patients, and recent data have
shown further efficacy through the inclusion of oxaliplatin into
adjuvant treatment programmes (Chung and Saltz, 2007; Wolpin
et al, 2007).
At present, the standard procedure for determining the spread
of metastatic disease to lymph nodes is pathological examination
of B20 resected lymph nodes stained with haematoxylin and eosin
(H&E). We reasoned that an assay that was able to identify patients
with metastatic disease by measuring RNA expression levels of
select genes would be helpful for making clinical decisions. In the
current study, we investigated whether expression levels of 14
cancer-associated genes in the primary tumour were correlated
with lymph node metastases. These 14 genes are derived from a set
of 22 that our laboratory has previously identified as being
overexpressed in various cancers (Reed et al, 2007).
In addition to the set of 14 genes, we also chose to examine the
expression of b2microglobulin (B2M). Our rationale for the
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sinclusion of B2M was based on the following observations:
(1) 32% of B2M
null IL-2
null mice develop adenocarcinoma in
the proximal half of the colon between 6 and 12 months (Shah
et al, 1998), (2) out of 19K genes screened from 25 matched CRC
tissue and normal mucosa, B2M was the most highly down-
regulated gene in CRC (Bianchini et al, 2006), (3) oncogenic K-ras
mutations (which are present in the majority of CRC) inhibit the
expression of B2M and other interferon (IFN)-responsive genes
(Klampfer et al, 2003), (4) downregulation of B2M in CRC has been
confirmed by real-time RT–PCR (Bianchini et al, 2006), and (5)
the level of expression of B2M is very high and can be reliably
measured in formalin-fixed paraffin-embedded (FFPE) tissues
(Chen et al, 2007).
MATERIALS AND METHODS
Patients and tissues
This study was approved by the Institutional Review Boards at the
Medical University of South Carolina and by the Mayo Clinic
College of Medicine in Jacksonville. Metastatic and benign lymph
nodes from colon cancer patients. Medical records were searched
for patients who underwent surgical resection and who did (n¼7)
and did not (n¼7) have associated lymph node metastases at the
Mayo Clinic. A 50-mm-thick section was cut for real-time RT–PCR
studies and a 5-mm-thick section was used for H&E staining. The
presence of metastatic disease in lymph nodes identified as
positive was confirmed by the study pathologist. Primary tumour
specimens. Medical records were searched for colon cancer patients
who had at least one metastatic lymph node (n¼20) or no
metastatic lymph nodes (n¼18). Duplicate 50-mm-thick sections
were cut for real-time RT–PCR studies and a 5-mm-thick section
was used for H&E staining.
RNA isolation from paraffin sections
mRNA extraction followed the method of Specht et al (2001).
Briefly, paraffin-embedded tissue sections were deparaffinised
twice with 1ml of xylene at 371C or room temperature for 10min.
The pellet was subsequently washed with 1ml of 100, 90, and 70%
of ethanol and air-dried at room temperature for 2h. The pellet
was resuspended in 200ml of RNA lysis buffer (2% lauryl sulphate,
10mmoll
 1 Tris-HCl (pH 8.0), and 0.1mmoll
 1 EDTA) and
100mg of proteinase K and incubated at 601C for 16h. RNA was
extracted using 1ml of phenol/chloroform (5:1) solution (Sigma,
St Louis, MO, USA). The aqueous layer containing RNA was
transferred to a new 1.5ml tube. Phenol/chloroform extraction was
performed a total of three times. RNA was precipitated with an
equal volume of isopropanol, 0.1 volume of 3moll
 1 sodium
acetate, and 100mg of glycogen at  201C for 16h. After
centrifugation at 12000r.p.m. for 15min (41C), the RNA pellet
was washed with 70% of ethanol and air-dried at room
temperature for 2h. Finally, the pellet was dissolved in 12mlo f
DEPC water and treated with DNase before complementary DNA
(cDNA) synthesis as described in the text.
Complementary DNA synthesis and real-time RT–PCR
Complementary DNA was made from 6ml of RNA described
above, 200U of M-MLV reverse transcriptase (Promega, Madison,
WI, USA), and a panel of truncated gene-specific primers (Table 1).
Real-time RT–PCR was performed on a PE Biosystems
Gene Amp
s 7300 or 7500 Sequence Detection System (Foster
City, CA, USA). With the exception of the SYBR Green I master
mix (purchased from Qiagen, Valencia, CA, USA), all reaction
components were purchased from PE Biosystems. Standard
reaction volume was 10ml and contained 1  SYBR RT–PCR
buffer, 3mM MgCl2, 0.2mM each of dATP, dCTP, and
dGTP, 0.4mM dUTP, 0.1U UNG Erase enzyme, 0.25U AmpliTaq
Gold, 0.35ml cDNA template, and 50nM of oligonucleotide primer.
Initial steps of RT–PCR were 2min at 501C for UNG
Erase activation, followed by a 10min hold at 951C. Cycles
(n¼40) consisted of a 15s melt at 951C, followed by a 1min
annealing/extension at 601C. The final step was a 601C incubation
for 1min. All reactions were performed in triplicate. Before cDNA
synthesis, RNA was treated with or without DNase as described in
the text.
Gene expression and statistical analysis
To quantitate gene expression, the DCt method was used.
As an internal reference, we used either the mean Ct value of all
genes or the median value as described in the text. A primary
tumour sample was considered to have sufficient mRNA
if its mean Ct value was o35.2 (38 out of 38 samples; mean±s.d.
of all samples¼27.5±4.06). Area under the curve (AUC)
measurements were performed for single gene analysis using
MedCalc software (Mariakerke, Belgium); patients were dichot-
omised according to lymph node metastasis status. For AUC
analysis of B2M/gene X expression ratios, DCt values of 14 different
gene combinations were obtained by subtracting the Ct value of
B2M from the other genes. Area under the curve analysis was then
performed using MedCalc software. Associations between catego-
rical values were assessed using Fisher’s exact test. For ordinal
variables (e.g. T-stage, pathologic stage), we also used t-test to
compare mean levels across lymph node and expression categories
due to concern over sparseness. Correlation coefficient analysis of
potential reference genes was performed using Microsoft Excel
software.







AGR2 NM_006408 GCAGAGCAGTTTGTCCTCCTCA 76
GGACATACTGGCCATCAGGAGA
B2M NM_004048 GCCGTGTGAACCATGTGACTTT 97
CCAAATGCGGCATCTTCAAA
CDH1 NM_004360 CCCACCACGTACAAGGGTC 94
CTGGGGTATTGGGGGCATC
CDH3 NM_001793 ATCATCGTGACCGACCAGAAT 166
GGATGGAGTAAGCAACCACCC
CEA6 NM_002483 AGATTGCATGTCCCCTGGAA 104
CATTGAATGGCGTGGATTCA
CK19 NM_002276 AACGGCGAGCTAGAGGTGA 204
TTCCGTCTCAAACTTGGTTCG
Claudin7 NM_001307 TGGCCATCAGATTGTCACAGAC 88
CCAGCCAATAAAGATGGCAGG
Elf3 NM_004433 TCTTCCCCAGCGATGGTTTT 124
TTGCTCTTCTTGCCCTCGA
EpCAM1 NM_002354 CGCAGCTCAGGAAGAATGTG 88
TGAAGTACACTGGCATTGACGA
EpCAM2 NM_002353 ACCCGAGGAGAAGAGGAGTTTG 100
GCTTCTTTCCCAGTGACAAGCA
GPX2 NM_002083 GGACATCAGGAGAACTGTCAGA 150
GTCCTTCAGGTAGGCGAAGAC
MAL2 NM_052886 GTCTGCCTGGAGATTCTGTTCG 103
TCACGGACACAAACATGACCC
MAP7 NM_003980 AGGACAAAGAACGCCACGAA 87
CACGACCAACGGTTATGCTTC
S100P NM_005980 GACGTCTTTCCCGATATTCGG 127
CCACGGCATCCTTGTCTTTTC
Spint2 NM_021102 GTGCCTCAAGAAATGTGCCACT 81
ACAGAGGAATCCGCTGCATTC
RT–PCR¼reverse transcription–PCR.
aGene-specific primer sequences used for
cDNA synthesis are underlined.
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Using a novel microarray/bioinformatics approach, previously we
identified a set of 22 genes that were predicted to be overexpressed
in multiple cancers (Reed et al, 2007). To investigate whether these
genes were overexpressed in metastatic CRC, we selected 14 genes
and measured their level of expression in lymph nodes obtained
from CRC patients who were positive (n¼7) and negative (n¼7)
for metastatic disease by H&E staining. We next performed AUC
analysis, the most commonly used statistical method for determin-
ing accuracies of diagnostic tests (Henderson, 1993). Receiver–
operator characteristic (ROC) curve analysis is based on a plot of
sensitivity as a function of 1 specificity. The area under the ROC
curve (W) is a measure of diagnostic (or prognostic; see below)
accuracy such that values between 0.5 and 0.7 indicate low
accuracy, values between 0.7 and 0.9 indicate moderate accuracy,
and values greater than 0.9 indicate high accuracy (Swets, 1988).
We observed that the AUC values for detection of metastatic
disease of 11 out of 14 (79%) genes were greater than 0.80 (Table 2
and Figure 1). We conclude from this experiment that the set of 14
genes is highly overexpressed in metastatic CRC and hypothesise
that one or more genes in this set may be prognostic for lymph
node metastases.
To determine whether expression levels of molecular markers
might correlate with lymph node metastases, RNA was isolated
from FFPE primary tumour sections as described in Materials
and Methods and analysed for the expression of the 14 cancer-
associated genes listed in Table 1. For reasons stated in the
introduction section, we also included in our marker panel the
B2M gene. Characteristics of the patients with (n¼20) and without
(n¼18) lymph node metastases are shown in Table 3. As
anticipated, we observed a significant association between lymph
node metastases and T-stage, pathologic stage, and tissue
differentiation (continuous).
To evaluate potential prognostic values of the genes, we simply
used as an internal reference the mean Ct value of all 15 genes
(Figure 2). Our rationale for this approach was two-fold. First, an
ideal internal reference gene in cancer prognostics is one that
provides an accurate measure of the amount of tumour and not
tissue. As our genes were selected on the basis of overexpression in
tumour and/or metastatic disease, we reasoned that their mean Ct
value should be a reliable measure of tumour content. Second,
the number of genes we used for reference was 15, a number
sufficiently high to avoid potential problems caused by outliers. In
addition to the analysis using the mean Ct value of the 15-gene set
as an internal reference, a separate analysis was also performed
using the median Ct value.
Using the mean of the entire 15-gene set as an internal reference
control, we calculated DCt values for all genes and performed AUC
analysis. We observed that the only gene whose AUC value was
higher than 0.80 for prognosis of nodal metastases was B2M
(AUC¼0.85, 95% confidence interval (CI)¼0.69–0.94; Table 4),
such that low expression of B2M was associated with nodal
metastases. A similar AUC value (0.83, 95% CI¼0.67–0.93) for
B2M was obtained when the median value was substituted for the
mean (not shown). The gene with the second highest prognostic
accuracy was GPX2 (Table 4); low expression of this gene was also














































































Figure 1 Real-time RT–PCR analysis of metastatic and benign lymph
nodes from colon cancer patients. Real-time PCR analyses of seven benign
lymph nodes (left side of each matched data set; open triangles) and seven
metastatic lymph nodes (right side of each matched data set; closed
diamonds) were performed as described in Materials and Methods using
primer pairs for the indicated genes. Ct values for each gene were
determined from triplicate reactions. DCt values were obtained by
subtracting the mean Ct value of B2M (which is highly expressed in normal
lymph node tissue) from the mean Ct value for each respective gene. Note:
The mean B2M Ct value of the metastatic lymph nodes was slightly lower
(i.e. B2M gene expression was slightly higher) but not significantly different















































































Figure 2 Real-time PCR analyses of FFPE primary tissue from CRC
patients. Real-time RT–PCR was performed on patients who did (n¼18;
right side of each matched data set; filled circles) and who did not have
(n¼18; left side of each matched data set; open circles) metastatic lymph
nodes from CRC as described in Materials and Methods using primer pairs
for the indicated genes. Ct values for each gene were determined from
triplicate reactions.
Table 2 Diagnostic accuracies of cancer-associated genes for detection
of metastatic disease in lymph nodes derived from CRC patients















AUC¼area under the curve; CRC¼colorectal cancer; CI¼confidence interval.
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sUsing a DCt of 4.5 for a threshold for marker positivity (where
DCt¼Ctmean 15-gene set CtB2M), we observed that the sensitivity for
nodal disease detection was 85% (17 out of 20 stage III and stage IV
patients were correctly classified; see Table 3), whereas the specificity
was 83% (15 out of 18 stage I and stage II patients were correctly
classified; see Table 3). Interestingly, all apparent ‘false positives’ in
the node-negative groups were derived from stage I patients. The
relevance of this finding is discussed in further detail below.
To investigate whether one or two genes from the panel could
substitute for the entire set, we analysed our expression results in
two manners. First, we calculated the expression ratios of all B2M/
gene X pairs to determine whether a particular pair exhibited high
prognostic accuracy. These calculations revealed that the expres-
sion ratio of B2M/Spint2 had the highest prognostic accuracy of
all possible pairs (AUC¼0.87; 95% CI¼0.71–0.96). Second, we
performed a correlation coefficient analysis and determined that
the mean Ct value of the 15-gene set was most highly correlated
with Spint2 (R
2¼0.97; Figure 3). The results of these analyses
suggest that Spint2 can be used as an internal reference
control gene.
To assess the reproducibility of the B2M/Spint2 expression
ratio, the analysis described above was repeated using duplicate
tissue sections and RNA that was treated with DNase. In
this second analysis, we measured the expression values of
B2M, Spint2, GPX2, Elf3, CDH1, CDH3, EpCAM1, and CEA6.
We observed that the prognostic accuracy of the Spint2/B2M
expression ratio as determined by AUC analysis was within 6%
of the value observed in the first study (AUC¼0.91; 95%
CI¼0.73–0.98; data not shown). These results provide evidence
that the B2M/Spint2 expression ratio is a reliable indicator of
nodal metastases in CRC patients. Further, using the eight genes
as internal reference, we observed that the prognostic accuracy
of B2M was 0.82 (95% CI¼0.63–0.94; data not shown).
In a separate study conducted with a small set of tissues
(n¼14), we observed that B2M maintained its high prognostic
accuracy for lymph node metastases (AUC¼0.79) when
more classical reference control genes TBP (Ohl et al, 2006)
or UBP (Andersen et al, 2004) were substituted for Spint2
(not shown).
Table 3 Patient information




Gender Male 12/20 (60%) 0.52 14/20 (70%) 0.03
Female 8/18 (44%) 6/18 (33%)
Site Right colon 11/24 (46%) 0.63 11/24 (46%) 0.63
Left colon 2/2 (100%) 2/2 (100%)
Rectum 4/7 (57%) 4/7 (57%)
Sigmoid 2/3 (67%) 2/3 (67%)
Left colon+rectum 1/1 (100%) 1/1 (100%)
transverse 0/1 (0%) 0/1 (0%)
Type Adeno 15/30 (50%) 0.70 17/30 0.44
Adeno, mucinous 5/8 (63%) 3/8
Differentiation Well 3/10 (30%) 0.13 6/10 (60%) 0.82
Well to moderate 0/1 (0%) 0/1 (0%)
Moderate 14/24 (58%) 13/24 (54%)
Moderate to poor 2/2 (100%) 1/2 (50%)
Poor 1/1 (100%) 0/1 (0%)
Continuous 0.03 0.52
T-stage 1 0/2 (0%) 0.001 0/2 (0%) 0.20
2 2/12 (17%) 5/12 (42%)
3 17/23 (74%) 14/23 (61%)
4 1/1 (100%) 1/1 (100%)
Continuous o0.001 0.05
Path stage I 0/12 (0%) o0.001 3/12 (25%) o0.001
IIA 0/6 (0%) 0/6 (0%)
IIIA 5/5 (100%) 3/5 (60%)
IIIB 2/2 (100%) 2/2 (100%)
IIIC 7/7 (100%) 6/7 (86%)
IV 6/6 (100%) 6/6 (100%)
LN+¼lymph node positive.
aLow B2M-expressing sample was defined by Ctmean 15-gene set CtB2M44.5.
Table 4 Prognostic accuracies of single genes for lymph node metastases


















AUC¼area under the curve; CI¼confidence interval.
aArea under the curve values
were obtained using the mean Ct value of the patient sample as an internal reference.
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In this study, we observed that low expression of B2M was a strong
prognostic indicator of lymph node metastases regardless of
whether the mean expression value of the 15-gene set was used as
an internal reference control (AUC¼0.85; Table 4), the median
expression value of the 15-gene set was used (AUC¼0.83), Spint2
was used as a single internal reference gene (AUC¼0.87), or
classic reference genes such as TBP or UBP were used
(AUC¼0.79). Based on the results described in this study, the
mean (±s.d.) accuracy of B2M for prognosis of lymph node
metastases was 0.83±0.04, a value that is sufficiently high to
warrant further investigation into this biomarker. Although a
previous study has shown that B2M was the most highly
downregulated gene in CRC compared to adjacent normal tissue
(Bianchini et al, 2006), this is the first study to show a relationship
between B2M mRNA levels and a clinical parameter related to
outcome of CRC patients.
B2M is known as a classic IFN-responsive gene (Yan et al, 2004;
Gottenberg et al, 2006; Gray et al, 2006; Joyce et al, 2007; Scherbik
et al, 2007; Urosevic et al, 2007). Interferons were originally
discovered as antiviral proteins that inhibit virus replication
(Isaacs and Lindenmann, 1987). Upon virus infection, IFNs are
induced in mammalian cells and thus mediate cellular homeostatic
responses to virus infection. In addition to their antiviral
properties, IFNs are involved in many other physiological
processes including cell growth and proliferation, cell death, the
immune response, and other cellular defence mechanisms (Sen,
2001). In colon cancer, oncogenic K-ras inhibits the expression of
IFN-responsive genes through inhibition of STAT1 and STAT2
expression (Klampfer et al, 2003). Under normal circumstances,
IFN induces phosphorylation of STAT1, which is released from the
IFNg receptor and forms STAT1 homodimers. The homodimers
then translocate to the nucleus to activate target genes (Darnell
et al, 1994; Ihle and Kerr, 1995) such as B2M.
In addition to inactivation by K-ras mutations in colon cancer,
B2M gene expression can also be impaired by mutations in the
coding and non-coding (promoter) regions. For example, in HCT-
15 colon cancer cells, both B2M alleles are mutated, one by an 11
base-pair deletion and the other by a point mutation, resulting in
the loss of HLA class 1 surface antigens (Gattoni-Celli et al, 1992).
Loss of B2M mRNA expression has important implications at the
protein level. B2M is a chaperone of major histocompatibility
complex (MHC) class I (-like) molecules that play a central role in
antigen presentation, immunoglobulin transport, and iron meta-
bolism. In the tumour host immune response, HLA-A,B,C
assembles with B2M in the endoplasmic reticulum (Momburg
and Koch, 1989; Momburg et al, 1989). Loss of these class 1
antigens is associated with decreased histological differentiation
in colon cancer (Gattoni-Celli et al, 1992), as well as increased
malignancy in a number of neoplasms, including B-cell lymphoma
(Moller et al, 1987) and melanoma (Paschen et al, 2003).
Interestingly, loss of the native HLA-A,B,C/B2M complex appears
to be sporadic in nature; in some cases, the loss is localised to
certain portions of the tumour, whereas in others, loss of B2M is
evident across the entire tumour (Momburg and Koch, 1989). As
MHC class 1 antigens are required for the host to mount a tumour
response, the loss of these antigens allows a tumour to escape
recognition by the immune system.
Despite the known biological properties of B2M, this gene has
been inadvertently used as an internal reference control in studies
involving IFN signalling (Einav et al, 2005; Tamassia et al, 2007), as
well as real-time PCR studies of colon cancer prognosis (Takeuchi
et al, 2003). Interestingly, in the study performed by Takeuchi
et al, the investigators examined 36 tumours and observed that the
mRNA copy numbers of B2M in T3/T4 cases (mean 1.78 10
5
copies) had a tendency to be lower than that in T1/T2 cases (mean
4.44 10
5 copies; P¼0.16), but were not highly correlated
with another reference gene. Owing to the later observation, the
authors correctly concluded that B2M should not be used as an
internal reference control. However, the investigators failed to
recognise that the B2M gene itself might serve as a prognostic
marker.
In this study, we observed that Spint2 was a reliable internal
reference control gene for CRC. This result is consistent with the
study of Kataoka et al (2000), who found no relationship between
Spint2 mRNA and tumour stages in CRC. Further, during the
course of acetic acid-induced experimental colitis in an in vivo
mouse model, Spint1 but not Spint2 was upregulated in the
recovery phase (Itoh et al, 2000), a process that requires cellular
regeneration. This result further supports the concept that mRNA
expression levels of Spint2 may remain constant during tumour
progression in CRC.
Spint1 and Spint2 are Kunitz-type serine protease inhibitors that
regulate hepatocyte growth factor (HGF) activity through inhibi-
tion of HGF activator (HGFA), matriptase and hepsin (Parr and
Jiang, 2006). Matriptase, urokinase-type activator, HGFA, and
hepsin are the main factors responsible for converting inactive
pro-HGF into active HGF, which is mainly secreted by stromal
fibroblasts. Hepatocyte growth factor is known to play a number of
roles in cancer metastasis and tumour growth. Thus, because Spint1
and Spint2 serve to inhibit the activity of HGF, these genes have
been characterised as tumour suppressors (Morris et al, 2005).
Further, in a study of 41 ovarian cancer patients, low expression of
Spint2 was determined to be an independent factor of poor
prognosis (P¼0.013; hazard ratio, 2.30; Tanaka et al, 2003).
Interestingly, the suppression of metastatic behaviour (e.g. cell
motility) by Spint2 can be abrogated in vitro by treatment with
extracellular signal-regulated kinase/mitogen-activated protein
kinase and phospholipase C-g inhibitors (Morris et al, 2005),
suggesting that the suppressive effects of this gene can be bypassed.
Of the 14 cancer-associated genes used in the current
study, none proved to be prognostic for lymph node metastases
at an AUC value 40.80. This was rather surprising, as several of
these genes have been previously shown to be prognostic for
various cancers. For example, immunohistochemical studies have
shown that low expression of E-Cadherin is associated with
poor survival in a number of cancers including pancreatic
(Shimamura et al, 2003), thyroid (Scheumman et al, 1995), gall
bladder (Hirata et al, 2006), breast (Park et al, 2007), lung (Nozawa
et al, 2006), hepatic (Wu et al, 2006), endometrial (Scholten et al,
2006), and colon (Pena et al, 2005) cancer. Further, we were also
surprised to find that EpCAM2/TROP2 was not a prognostic
factor, as overexpression of this gene has been shown to be
associated with liver metastases and survival in CRC patients

































Figure 3 Spint2 expression levels are highly correlated with the mean of
the 15-gene set. Mean Ct values of the 15 genes were obtained by dividing
the sum of the Ct values by 15. In cases where no signal was detected, a Ct
value of 40 was used. Linear regression analysis of the indicated data points
was performed using Microsoft Excel software.
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s(Ohmachi et al, 2006). It is not clear why we failed to observe a
prognostic role for EpCAM2. In contrast to all other genes used in
this study, EpCAM2 arose from retrotransposition (of EpCAM1)
and does not contain introns. Hence, in the absence of DNase
treatment, amplification of this gene is prone to genomic
contamination.
A long-range goal of our research group is to develop a
prognostic assay that can be used to predict what stage II
colon cancer patients might benefit from adjuvant chemotherapy.
In this study, we observed that 3 out of 18 patients who were
node negative by pathological assessment had low levels of B2M.
The clinical significance of this finding is not known. However,
in a subsequent study performed on untreated stage II tissues
obtained from a separate institute, we discovered that low
B2M expression was an independent prognostic marker for poor
patient survival (Blum et al, 2008). Thus, the results described
here may ultimately prove to be of benefit to a significant number
of CRC patients.
REFERENCES
Andersen CL, Jensen JL, Orntoft TF (2004) Normalization of real-time
quantitative reverse transcription-PCR data: a model-based variance
estimation approach to identify genes suited for normalization, applied
to bladder and colon cancer data sets. Cancer Res 64: 5245–5250
Bianchini M, Levy E, Zucchini C, Pinski V, Macagno C, De Sanctis P,
Valvassori L, Carinci P, Mordoh J (2006) Comparative study of gene
expression by cDNA microarray in human colorectal cancer tissues and
normal mucosa. Int J Oncol 29: 83–94
Blum C, Graham A, Yousefzadeh M, Shrout J, Krishna M, Hoda R, Hoda R,
Cole DJ, Garrett-Mayer E, Reed C, Wallace M, Mitas M (2008). The
expression ratio of Map7/B2M is prognostic for survival in patients
with stage II colon cancer. International Journal of Oncology,
(in press).
Chen Y, Zheng B, Robbins DH, Lewin DN, Mikhitarian K, Graham A,
Rumpp L, Glenn T, Gillanders WE, Cole DJ, Lu X, Hoffman BJ, Mitas M
(2007) Accurate discrimination of pancreatic ductal adenocarcinoma and
chronic pancreatitis using multimarker expression data and samples
obtained by minimally invasive fine needle aspiration. Int J Cancer 120:
1511–1517
Chung KY, Saltz LB (2007) Adjuvant therapy of colon cancer: current status
and future directions. Cancer J 13: 192–197
Darnell Jr JE, Kerr IM, Stark GR (1994) Jak–STAT pathways and
transcriptional activation in response to IFNs and other extracellular
signaling proteins. Science 264: 1415–1421
Einav U, Tabach Y, Getz G, Yitzhaky A, Ozbek U, Amariglio N, Izraeli S,
Rechavi G, Domany E (2005) Gene expression analysis reveals a strong
signature of an interferon-induced pathway in childhood lymphoblastic
leukemia as well as in breast and ovarian cancer. Oncogene 24:
6367–6375
Gattoni-Celli S, Kirsch K, Timpane R, Isselbacher KJ (1992) Beta 2-
microglobulin gene is mutated in a human colon cancer cell line (HCT)
deficient in the expression of HLA class I antigens on the cell surface.
Cancer Res 52: 1201–1204
Gottenberg JE, Cagnard N, Lucchesi C, Letourneur F, Mistou S, Lazure T,
Jacques S, Ba N, Ittah M, Lepajolec C, Labetoulle M, Ardizzone M, Sibilia
J, Fournier C, Chiocchia G, Mariette X (2006) Activation of IFN pathways
and plasmacytoid dendritic cell recruitment in target organs of primary
Sjogren’s syndrome. Proc Natl Acad Sci USA 103: 2770–2775
Gray CA, Abbey CA, Beremand PD, Choi Y, Farmer JL, Adelson DL,
Thomas TL, Bazer FW, Spencer TE (2006) Identification of endometrial
genes regulated by early pregnancy, progesterone, and interferon tau in
the ovine uterus. Biol Reprod 74: 383–394
Greene FL, Stewart AK, Norton HJ (2002) A new TNM staging strategy for
node-positive (stage III) colon cancer: an analysis of 50042 patients.
Ann Surg 236: 416–421; discussion 421
Henderson AR (1993) Assessing test accuracy and its clinical consequences:
a primer for receiver operating characteristic curve analysis. Ann Clin
Biochem 30: 521–539
Hirata K, Ajiki T, Okazaki T, Horiuchi H, Fujita T, Kuroda Y (2006)
Frequent occurrence of abnormal E-cadherin/beta-catenin protein
expression in advanced gallbladder cancers and its association with
decreased apoptosis. Oncology 71: 102–110
Ihle JN, Kerr IM (1995) Jaks and Stats in signaling by the cytokine receptor
superfamily. Trends Genet 11: 69–74
Isaacs A, Lindenmann J (1987) Virus interference. I. The interferon. By A.
Isaacs and J. Lindenmann, 1957. J Interferon Res 7: 429–438
Itoh H, Kataoka H, Tomita M, Hamasuna R, Nawa Y, Kitamura N, Koono M
(2000) Upregulation of HGF activator inhibitor type 1 but not type 2
along with regeneration of intestinal mucosa. Am J Physiol Gastrointest
Liver Physiol 278: G635–G643
Jemal A, Siegel R, Ward E, Murray T, Xu J, Smigal C, Thun MJ (2006)
Cancer statistics, 2006. CA Cancer J Clin 56: 106–130
Joyce MM, Burghardt JR, Burghardt RC, Hooper RN, Jaeger LA, Spencer
TE, Bazer FW, Johnson GA (2007) Pig conceptuses increase uterine
interferon-regulatory factor 1 (IRF1), but restrict expression to stroma
through estrogen-induced IRF2 in luminal epithelium. Biol Reprod 77:
292–302
Kataoka H, Itoh H, Uchino H, Hamasuna R, Kitamura N, Nabeshima K,
Koono M (2000) Conserved expression of hepatocyte growth factor
activator inhibitor type-2/placental bikunin in human colorectal
carcinomas. Cancer Lett 148: 127–134
Klampfer L, Huang J, Corner G, Mariadason J, Arango D,
Sasazuki T, Shirasawa S, Augenlicht L (2003) Oncogenic Ki-ras
inhibits the expression of interferon-responsive genes through
inhibition of STAT1 and STAT2 expression. J Biol Chem 278:
46278–46287
Moller P, Herrmann B, Moldenhauer G, Momburg F (1987) Defective
expression of MHC class I antigens is frequent in B-cell lymphomas of
high-grade malignancy. Int J Cancer 40: 32–39
Momburg F, Koch S (1989) Selective loss of beta 2-microglobulin mRNA in
human colon carcinoma. J Exp Med 169: 309–314
Momburg F, Ziegler A, Harpprecht J, Moller P, Moldenhauer G,
Hammerling GJ (1989) Selective loss of HLA-A or HLA-B antigen
expression in colon carcinoma. J Immunol 142: 352–358
Morris MR, Gentle D, Abdulrahman M, Maina EN, Gupta K, Banks RE,
Wiesener MS, Kishida T, Yao M, Teh B, Latif F, Maher ER (2005) Tumor
suppressor activity and epigenetic inactivation of hepatocyte growth
factor activator inhibitor type 2/SPINT2 in papillary and clear cell renal
cell carcinoma. Cancer Res 65: 4598–4606
Nozawa N, Hashimoto S, Nakashima Y, Matsuo Y, Koga T, Sugio K, Niho Y,
Harada M, Sueishi K (2006) Immunohistochemical alpha- and beta-
catenin and E-cadherin expression and their clinicopathological
significance in human lung adenocarcinoma. Pathol Res Pract 202:
639–650
Ohl F, Jung M, Radonic A, Sachs M, Loening SA, Jung K (2006)
Identification and validation of suitable endogenous reference genes
for gene expression studies of human bladder cancer. J Urol 175:
1915–1920
Ohmachi T, Tanaka F, Mimori K, Inoue H, Yanaga K, Mori M (2006)
Clinical significance of TROP2 expression in colorectal cancer.
Clin Cancer Res 12: 3057–3063
Park D, Karesen R, Axcrona U, Noren T, Sauer T (2007) Expression pattern
of adhesion molecules (E-cadherin, alpha-, beta-, gamma-catenin and
claudin-7), their influence on survival in primary breast carcinoma, and
their corresponding axillary lymph node metastasis. Apmis 115: 52–65
Parr C, Jiang WG (2006) Hepatocyte growth factor activation inhibitors
(HAI-1 and HAI-2) regulate HGF-induced invasion of human breast
cancer cells. Int J Cancer 119: 1176–1183
Paschen A, Mendez RM, Jimenez P, Sucker A, Ruiz-Cabello F, Song M,
Garrido F, Schadendorf D (2003) Complete loss of HLA class I antigen
expression on melanoma cells: a result of successive mutational events.
Int J Cancer 103: 759–767
Pena C, Garcia JM, Silva J, Garcia V, Rodriguez R, Alonso I, Millan I, Salas
C, de Herreros AG, Munoz A, Bonilla F (2005) E-cadherin and vitamin D
receptor regulation by SNAIL and ZEB1 in colon cancer: clinicopatho-
logical correlations. Hum Mol Genet 14: 3361–3370
B2M levels and lymph node metastasis
J Shrout et al
2004




















sReed CE, Graham A, Hoda RS, Khoor A, Garrett-Mayer E, Wallace M, Mitas
M (2007) A simple two-gene prognostic model for adenocarcinoma of
the lung. J Thorac Cardiovasc Surg 135: 627–634
Scherbik SV, Stockman BM, Brinton MA (2007) Differential expression of
interferon (IFN) regulatory factors and IFN-stimulated genes at early
times after West Nile virus infection of mouse embryo fibroblasts. J Virol
81: 12005–12018
Scheumman GF, Hoang-Vu C, Cetin Y, Gimm O, Behrends J,
von Wasielewski R, Georgii A, Birchmeier W, von Zur Muhlen A, Dralle
H, Brabant G (1995) Clinical significance of E-cadherin as a prognostic
marker in thyroid carcinomas. J Clin Endocrinol Metab 80: 2168–2172
Scholten AN, Aliredjo R, Creutzberg CL, Smit VT (2006) Combined E-
cadherin, alpha-catenin, and beta-catenin expression is a favorable
prognostic factor in endometrial carcinoma. Int J Gynecol Cancer 16:
1379–1385
Sen GC (2001) Viruses and interferons. Annu Rev Microbiol 55: 255–281
Shah SA, Simpson SJ, Brown LF, Comiskey M, de Jong YP, Allen D,
Terhorst C (1998) Development of colonic adenocarcinomas in a mouse
model of ulcerative colitis. Inflamm Bowel Dis 4: 196–202
Shimamura T, Sakamoto M, Ino Y, Sato Y, Shimada K, Kosuge T,
Sekihara H, Hirohashi S (2003) Dysadherin overexpression in pancreatic
ductal adenocarcinoma reflects tumor aggressiveness: relationship to
e-cadherin expression. J Clin Oncol 21: 659–667
Specht K, Richter T, Muller U, Walch A, Werner M, Hofler H (2001)
Quantitative gene expression analysis in microdissected archival
formalin-fixed and paraffin-embedded tumor tissue. Am J Pathol 158:
419–429
Swets JA (1988) Measuring the accuracy of diagnostic systems. Science 240:
1285–1293
Takeuchi H, Bilchik A, Saha S, Turner R, Wiese D, Tanaka M, Kuo C, Wang
HJ, Hoon DS (2003) c-MET expression level in primary colon cancer: a
predictor of tumor invasion and lymph node metastases. Clin Cancer Res
9: 1480–1488
Tamassia N, Calzetti F, Ear T, Cloutier A, Gasperini S, Bazzoni F, McDonald
PP, Cassatella MA (2007) Molecular mechanisms underlying the
synergistic induction of CXCL10 by LPS and IFN-gamma in human
neutrophils. Eur J Immunol 37: 2627–2634
Tanaka Y, Kobayashi H, Suzuki M, Kanayama N, Yamakawa T,
Morishita H, Terao T (2003) Reduced bikunin gene expression
as a factor of poor prognosis in ovarian carcinoma. Cancer 98:
424–430
Urosevic M, Fujii K, Calmels B, Laine E, Kobert N, Acres B, Dummer R
(2007) Type I IFN innate immune response to adenovirus-mediated
IFN-gamma gene transfer contributes to the regression of cutaneous
lymphomas. J Clin Invest 117: 2834–2846
Wolpin BM, Meyerhardt JA, Mamon HJ, Mayer RJ (2007) Adjuvant
treatment of colorectal cancer. CA Cancer J Clin 57: 168–185
Wu LQ, Lu Y, Lu HJ, Zhang B, Yang JY, Ma X (2006) Prognostic value of
E-cadherin, CD34 in the patients with hepatocellular carcinoma.
Zhonghua Wai Ke Za Zhi 44: 774–777
Yan W, Lee H, Yi EC, Reiss D, Shannon P, Kwieciszewski BK, Coito C, Li XJ,
Keller A, Eng J, Galitski T, Goodlett DR, Aebersold R, Katze MG (2004)
System-based proteomic analysis of the interferon response in human
liver cells. Genome Biol 5: R54
B2M levels and lymph node metastasis
J Shrout et al
2005
British Journal of Cancer (2008) 98(12), 1999–2005 & 2008 Cancer Research UK
M
o
l
e
c
u
l
a
r
D
i
a
g
n
o
s
t
i
c
s